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Osteomalacia is an important':" but uncommon] treatable accompaniment of femoral neck fracture. Current biochemical screening tests which rely on measurements of serum calcium and alkaline phosphatase have a high false positive rate." This is largely because alkaline phosphate arises from both bone and liver: hepatic dysfunction is common in the elderly fracture po pulation. ' The recent availability of radioimmunoassays for osteocalcin, a bone specific protein that is released during osteoblastic activity-7 and is stimulated by 1,25-dihydroxyvitamin D (1,25-(OH)2D)8.9 raises the possibility that it may be a more specific test for osteomalacia than serum alkaline phosphatase. The problem is that there is no information about changes in osteocalcin concentration during the immediate post-fracture period when it might be used for screening.
In the present study we describe the changes in osteocalcin concentration which occur in the first week after a femoral neck fracture and its fixation. We have also examined its relationship to alkaline phosphatase, 1,25-(OHhD and bone histomorphometry.
Patients and methods
The study was based on 26 consecutive patients (3 male, 23 female; mean age 78·2 years, range 58-92 years) who had sustained a traumatic fracture of the femoral neck. Perioperative iliac crest bone biopsies had excluded osteomalacia in all cases: osteoid area < 3'5%; surface extent of osteoid < 25%, osteoid seam thickness index Correspondence: Dr D J Hosking, Department of Medicine, City Hospital, Nottingham NG5 lPB, UK. < 0,14, < 4 osteoid lamellae/seam. 10 . II No patient took calcium or vitamin D supplements either before or during the study.
Fasting blood samples were taken pre-operatively, within 24 h of the fracture in all patients, and were repeated one week later by which time all fractures had been treated by internal fixation.
Blood samples were collected into lithium heparin tubes and the plasma stored at -20°C until assay. Plasma calcium, phosphate, creatinine, albumin concentrations and alkaline phosphatase were measured by standard autoanalyser techniques. 10 Calcium concentrations were adjusted to a plasma albumin of 40 g/L. 12 Plasma osteocalcin concentrations were measured by radioimmunoassay (CIS(UK) Ltd, London, UK) using a rabbit antibody raised against bovine osteocalcin. 1,25-(OH)2D was extracted from plasma and purified by straight phase high performance liquid chromatography on a Zorbax-Sil column. I] The 1,25-(OH)2D peak was collected and quantitated by a competitive protein binding assay using calf thymus cytosol." Vitamin D binding protein (DBP) concentrations were measured by radial immunodiffusion.tv's The free 1,25-(OH)2D index was calculated as the molar ratio of 1,25-(OHhD/DBP x 10 5 • This gives a good estimate of the free 1,25-(OH)2D concentration." Parathyroid hormone (PTH) concentrations were measured using a C-terminal assay."
Reference values for osteocalcin, 1,25-(OH)2D and DBP were derived from a group of healthy elderly normal subjects (8 male, 13 female; mean age 69·6 years, range 60-81 years). Both patients and control subjects were studied throughout the year. Iliac crest bone biopsies were quantitated as described previously." 10 
Discussion
Evaluation of the significance of osteocalcin concentrations after femoral neck fracture requires an appreciation ofthe factors influencing both the initial post-fracture value and its subsequent change as healing occurs. Since osteocalcin originates only from bone it is potentially a more specific marker of osteoblastic activity than alkaline phosphatase.P: 19 In the present study patients without osteomalacia but with normal or low bone turnover, assessed from the surface extent of osteoid, had admission values of osteocalcin which lay below the upper limit of the reference range. In contrast alkaline phosphatase was elevated in several of the same patients. limit of the reference range, even in those selected because of a raised alkaline phosphatase (Fig. I) . Moreover, the increments in osteocalcin which occurred within the first week after the fracture also lay below this limit. Of the 21 patients with a normal alkaline phosphatase on admission only two rose to a level above the upper limit of normal after one week.
There was no statistically significant relationship between the admission concentrations of osteocalcin or alkaline phosphastase and the surface extent of osteoid, an index of bone formation (Fig. 2 ) nor with osteoid area or osteoid seam thickness. This seemed to be because some patients with apparently adequate bone turnover as judged by the extent of osteoid surfaces had low values of osteocalcin. However, when these patients were stratified according the prevailing level of free 1,25-(OH)2D the low osteocalcin values appeared to be associated with very low levels of vitamin D.
There was no correlation between the absolute concentrations of osteocalcin and alkaline phosphatase, DBP, or free and total 1,25-(OH)2D . There was however a strong correlation between the changes in osteocalcin and the changes in free (r=0'56; P<O·OOI) or total (r=0·81; P<O'OOI) 1,25-(OH)2D (Fig. 3 ). There was no correlation between the changes in osteocalcin and DBP nor was there any relationship between alkaline phosphatase and 1,25-(OH)2D.
Serum PTH concentrations were either undetectable or at the lower end of the reference range throughout the study.
Neither the type of fracture, its degree of comminution or displacement nor the type of operative fixation appeared to influence the magnitude of the change in osteocalcin over the course of the study. 
Results
The changes in the measured biochemical variables within the first week after femoral neck fracture are summarised in Table I . There were significant increases in osteocalcin (P < 0'02), DBP (P< 0,01) and alkaline phosphatase (P< 0·001 :Wilcoxon signed-ranks test). All the initial values of osteocalcin lay below the upper
Statistical analysis
Differences between and within group were assessed using Student's r-test, the paired t-test or the Wilcoxon signed-ranks test as appropriate. 10 20 Osteoid surface % trabecular surface plasma cortisol was not measured in the present study. Our patients were much older than those in previous studies, but since osteocalcin tends to rise with age 23 this canot be the explanation for our findings.
The disproportionately low levels of osteocalcin tended to be associated with very low ( < 25 pmol/L) levels of 1,25-(OHhD. That 1,25-(OHhD may be an important factor is supported by the further observation that although there was no correlation between the absolute concentrations of osteocalcin and 1,25-(OH)2D, there was a relationship between the changes in these variables in the first week after the fracture. This is consistent with the observation that while osteoblast production ofosteocalcin is stimulated by 1,25-(OH)2D, both in cell culture?' 8 and in experimental animals," it does not appear to be vitamin D dependent.
The role of osteocalcin in bone mineralisation remains uncertain and plasma concentrations probably reflect the portion of newly synthesised protein not bound to the mineral phase of bone. 24 26 It may be that as the fracture heals calcification of callus results in a slight fall in serum calcium, stimulation of parathyroid hormone secretion and augmentation of 1,25-(OH)2D production with further enhancement of osteocalcin production. The necessary increases in PTH and 1,25-(OHhD were not seen in the present study but this may be because of the insensitivity of our assays to small changes or because those changes had diminished when sampled a week after the fracture.
It remains to be seen whether osteocalcin is useful in screening very elderly patients with femoral neck fractures for osteomalacia. Experience with the use of osteocalcin for this purpose is surprisingly limited. The generation ofdiagnostically useful raised values may depend critically on the opposing effects of I,25-(OH)2D deficiency and the ability of the very elderly to increase both parathyroid hormone secretion and bone formation. The timing of samples is also critical. The present study shows that osteocalcin concentrations remain within the reference range within the first week after a fracture. Other studies where the timing of samples was not stated, found elevated values" further complicating, and diminishing, the diagnostic usefulness of this measurement. Unlike previous studies of younger women with osteoporosis't" we were unable to find a correlation between osteocalcin and bone formation (surface extent of osteoid). The problem seemed to be that a significant proportion of the patients with osteoid surface values towards the upper part of the reference range had low levels of osteocalcin. A number of possible explanations for this observation need to be considered. Plasma osteocalcin has a short half life" and may be depressed by the stress associated with the fracture. A similar mechanism has been proposed for the reversible depression of vitamin D binding protein," which was also seen in the present study. However the lack ofa correlation between these two variables in the week after the fracture argues against a common mechanism. However, stress might depress osteocalcin through adrenal stimulation since such an effect has been reported with the use of glucocorticoids.P Unfortunately 490
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